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The stability and maneuverability of aircraft are some key factors for selecting the
locations of wings or canards on the fuselage. Another important variable that is considered in
the design of an aircraft is drag force which impacts fuel efficiency. This research investigates
how drag force of a surrogate aircraft is affected by the placement of the wing or canard along
the fuselage. Unique for this study is the placement of the canard in the fuselage nose region,
with the leading edge upstream of the nose, resembling the shape of a hammerhead shark’s head.
When the leading edge of all considered wing configurations was located 20% or more from the
fuselage nose, the platforms produced the least amount of drag force. When the wing was placed
in the nose region of the fuselage, the wings with small chords produced less drag when their
leading edge was ahead of the nose.
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CHAPTER I
INTRODUCTION
1.1

Foreword
Drag reduction is one of the most important problems in fluid mechanics, covering

innumerable engineering applications. One application in particular is the reduction of total drag
force on an aircraft which can have a significant implication on fuel efficiency. Over the years, a
number of technological solutions to drag reduction has been proposed and tested, ranging from
passive flow control strategies, such as shape modifications for different parts of the aircraft, to
active control based on actuators, blowing and suction, and heating/cooling, to enumerate a few.
This research study investigates the possibility of drag reduction via positioning the wing or
canard at the nose of the fuselage, considering a novel configuration in which the leading edge of
the canard is located upstream of the nose of the fuselage. The research aims at determining
whether this configuration would provide any benefits of drag reduction, by employing CFD
simulations.
1.2

Background
The two main components of drag force acting on an aircraft are frictional and pressure

drag forces. Frictional drag describes the drag on the surface of an object in the form of friction
generated by the shear stress [1]. Frictional drag is more common in cases where the flow of
fluid particles is attached to the surface of an object. In contrast, pressure drag is associated with
flow that is separated from the object [1]. These types of drag and types of flow are both
1

analyzed to make vehicles more efficient in energy and cost with relation to travel. One article
notes that in the past, some commercial vehicles were designed to be more streamlined in the
shape of its body to become faster and transport heavier loads [2]. However, in this era of
commercialized vehicles, the focus has shifted to energy conservation. Programs were developed
to benefit from “fuel-saving aerodynamics” [2]. One focus started with reshaping the front of
trucks to make them produce less drag [2]. In this same approach to reshaping land vehicles,
aerial vehicles can benefit from this depending on how the aircraft is reshaped.
In this wing positioning consideration, birds have adapted from their earlier ages. Since
the adaption, some species of birds had their shoulder bones moved towards the front which
relocates the center of gravity and increases stability [3]. Now, what are the possible benefits
related to an aircraft besides potentially increasing stability? If the wing or canard is at the nose
of the fuselage the fluid particles will change direction one time. If the wing or canard are further
downstream from the nose, the fluid particles will be altered two times, because the fuselage
nose and the wing are at two different locations. Having the wing and the nose in the same
location could provide a more seamless air flow over the aircraft. The air flow over the aircraft
can be in two important states: laminar and turbulent flows. Laminar flow is characterized by a
smooth flow of fluid particles with little or no disturbances in the flow [4]. Turbulent flow is
more chaotic and, therefore, it is less predictable [4]. The difference in the flow of air can
directly affect the magnitude of drag force that is being produced on an aircraft.
When considering the wing being positioned at the nose of the fuselage, the canard
aircraft and the flying wing aircraft draw similarities. The canard is most of the times located
near the nose of the aircraft. Note that the first successful powered flight was accomplished with
a canard aircraft by the Wright brothers [5]. Canards have a history of providing aerodynamic
2

benefits over aircraft without canards. Canards can provide a higher maximum coefficient of lift
as a result of the positive lift that it generates. The flying wing aircraft dates to the early 1900’s
[6]. The flying wing aircraft is an aircraft without a fuselage and whose entire body consists of a
wing (the cockpit is embedded inside the wing). This configuration is relevant here because its
winged body acts as if the wing is the leading edge of the aircraft.
In this research, the effect of the wing or canard location with respect to the fuselage nose
on the total drag force is investigated using computational fluid dynamics (CFD). A novel
configuration is proposed, where the leading edge of the wing or canard is located upstream of
the fuselage nose, resembling the shape of a hammerhead shark head. This new configuration
provides a slightly smaller drag force for some cases. Different wing and canard sizes, both
unswept and swept, were investigated numerically in a commercial CFD solver.
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CHAPTER II
LITERATURE REVIEW
The shape of the head of hammerhead shark, the cephalofoil, was one of the driving
considerations for this study. One of the main theories that surrounds the hammerhead shark is
the cephalofoil presenting hydrodynamic benefits through “increasing maneuverability and/or
providing hydrodynamic lift” [7]. To test this theory through CFD analysis, eight different
hammerhead shark species and three different shark species with the traditional shark head were
analyzed in [7]. With the data gathered, the theory of the cephalofoil providing maneuverability
was found to be true. The hammerhead shark can make rapid shifts in trajectory using its
enhanced hypaxial musculature. It was found that the cephalofoil may act as a forward rudder for
the shark with the use of the musculature providing the ability to dive or ascend quickly [7]. At
positive angles of attack, it is noted that lift is created by the cephalofoil. However, drag
increased at a faster rate than lift as the angles of attack were increased [7]. With this
observation, the lift to drag ratio of the hammerhead shark is not favorable. In comparison to the
traditional shark head, the hammerhead shark produced more drag across all angles of attack [7].
In another study, it is safe to conclude that the hammerhead shark barely uses the cephalofoil for
lifting purposes being that it spends 90% of the time swimming at a rolled angle [8]. In
comparison to the unrolled swimming angle, the rolled angle allows the hammerhead shark to
produce 10% less drag [8].

4

The hammerhead shark hydrodynamics was investigated by Barrouse [9] as part of his
Master of Science thesis. Different shark heads have been studied: Eusphyra blochii (Winghead
shark), Carcharhinus acronotus (Blacknose shark) and Sphyrna tiburo (Bonnethead shark).
Measurements conducted using force transducers were conducted to investigate how the
chephalofoil influences the efficiency and maneuverability. In the measurements, different
speeds, angles of attack, yaw frequencies and yaw amplitude levels were studied. He found that
the lift coefficient of Winghead shark is significantly larger than the lift of the other sharks.
In the next references, the functions and the positioning of the canard with respect to the
aircraft are included and discussed. Ali addresses the effects of the presence of a canard and the
horizontal positioning of a canard on an aircraft. To accomplish this, CFD was used initially
during this experiment and the wind tunnel was used to further validate the results gathered from
the CFD analysis. The author concluded that the results in the wind tunnel were consistent with
the CFD data. The canard provides additional lift and maneuverability than an aircraft only
having a wing [5]. In the horizontal positioning scenario, three different positions were observed
with respect to the location of the center of gravity (cg). The leading edge of the canard would be
120mm, 130mm, or 140mm away from the cg. As the canard moved further away, the range of
stability increased, but it decreased the controllability of the aircraft [5]. Having the canard closer
to the cg showed that stall would be delayed at higher angles of attack. At lower angles of attack,
lift would increase if the canard were further away from the cg, but stall earlier [5].
Similarly, Gloss considered the canard positioning effects. In this study, one was
observing the effects of the vertical positioning of the canard with respect to the wing. To do
this, a pressurized 8-foot transonic tunnel simulated flow velocities ranging from Mach 0.70 to
1.20. Also, four different configurations were being observed using 2 different canards and 2
5

different wings. It was noted that the largest drag to lift benefit was observed when the canard
was above the wing chord plane [10]. The lower canard configuration provided more stability for
the aircraft [10].
With the interest in flying wing aircraft, Mardanpour investigates the effect of engine
placement. To investigate, the author uses the code NATASHA (Nonlinear Aeroelastic Trim and
Stability of HALE Aircraft) [11]. The author models an aircraft like the Horten IV, with the
model having four similar engines placed at different locations along the span of the aircraft.
When testing the weight, speed, and cg, they were considered constant. When the author altered
the locations of the engines on the aircraft, observed was little difference in the lift to drag
relationship. “However, a noticeable increase in flutter speed is observed when engines are
placed forward of the elastic axis. For these cases, as one of the engines are placed at the
outboard portion of the span, flutter speed increases. For engine placement behind the elastic
axis, flutter speed increases when both engines are close to the root” [11].
.
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CHAPTER III
METHODOLOGY
3.1

Governing Equations
The governing equations used for all simulations were incompressible Reynolds-

Averaged Navier Stokes (RANS) equations with a k-ω turbulence model (see equations 3.1 and
3.2). In addition, equations 3.3 and 3.4 representing the k-ω shear-stress transport (SST)
turbulence model, and equations 3.5 and 3.6 representing the k-ε turbulence model were
considered in the analysis. Equations 3.3, 3.4, 3.5, and 3.6 were the governing equations used as
special cases to validate the consistency in the data by using alternative turbulence models. See
figures 4.9 and 4.10 to reference the results for the special cases considered.
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𝑗

(3.1)

(3.2)

(3.3)

(3.4)

(3.5)
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𝜀

𝑗

𝜀2
𝑘
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(3.6)

The list of variables in equations (3.1)-(3.6) and what they stand for: 𝜌 – density, 𝑢𝑖 – velocity, µ
– viscosity, µ𝑡 – turbulent viscosity, 𝑘 – turbulence kinetic energy, 𝜀 – turbulence dissipation
rate, 𝜔 – specific dissipation rate, 𝐺𝑘 – generation of 𝑘 due to the mean velocity gradient, 𝐺𝑏 –
generation of 𝑘 due to buoyancy, 𝐺𝜔 – generation of 𝜔, 𝑌𝑘 – dissipation of 𝑘 due to turbulence,
𝑌𝜔 – dissipation of 𝜔 due to turbulence, 𝑌𝑀 – dissipation of dilatation, 𝜎𝑘 – Prandtl number for 𝑘,
𝜎𝜀 – Prandtl number for 𝜀, 𝜎𝜔 – Prandtl number for 𝜔, 𝐶1𝜀 – constant, 𝐶2𝜀 – constant, 𝐶3𝜀 –
constant, 𝑆𝑘 – user defined source term, 𝑆𝜀 – user defined source term, 𝑆𝜔 – user defined source
term, and 𝐷𝜔 – cross diffusion [12].
3.2

Numerical Algorithm and Boundary Conditions
The numerical algorithm is based on a pressure-correction SIMPLE algorithm, with some

specifics as follows:
•

Solver Type - Pressure-Based,

•

Velocity Formulation - Absolute,

•

Time marching - Steady Pressure-Velocity Coupling Scheme- SIMPLE,

•

Spatial Discretization (SD) Gradient - Least Squares Cell Based,
o Pressure - Second Order,
o Momentum - First Order Upwind,
o Turbulent Kinetic Energy - First Order Upwind, and
o Specific Dissipation Rate - First Order Upwind.
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When using the first order upwind scheme, the determination of the cell faces quantities
are achieved by assuming the values represent a cell-average value throughout the entire cell.
The first order upwind scheme can be used in the pressure-based and density-based solvers [12].
The solution algorithm that the pressure-based solver uses involve solving the governing
equations sequentially and segregated from each other. In using this segregated algorithm, the
solution variables are solved one after another. The outline of the segregated algorithm is listed
below, and these steps recycle until convergence is met:
1.

“Update fluid properties (for example, density, viscosity, specific heat) including
turbulent viscosity (diffusivity) based on the current solution.

2.

Solve the momentum equations, one after another, using the recently updated
values of pressure and face mass fluxes.

3.

Solve the pressure correction equation using the recently obtained velocity field
and the mass-flux.

4.

Correct face mass fluxes, pressure, and the velocity field using the pressure
correction obtained from Step 3.

5.

Solve the equations for additional scalars, if any, such as turbulent quantities,
energy, species, and radiation intensity using the current values of the solution
variables.

6.

Update the source terms arising from the interactions among different phases (for
example, source term for the carrier phase due to discrete particles).

7.

Check for the convergence of the equations” [12].

The boundary conditions are as follows: Specified shear condition at the wall, velocityinlet condition at the inlet with a freestream velocity of 50m/s or 164ft/s, gauge pressure of zero
for pressure-outlet condition at the outflow, and symmetry condition along z=0 plane. The reason
we used the specified shear stress condition (shear stress at the wall was set to zero) was to focus
the analysis on the pressure drag component. Simulations with no-slip conditions did not show a
significant increase in the total drag force.
9

3.3

Geometry Configurations
The geometry that was used for testing consisted of a cylinder-shaped fuselage with a

blunt nose, and a NACA 0024 airfoil for the wing or canard figurations. The aircraft’s fuselage
and nose were consistent across all models of the aircraft. The wing and canard, though sharing
the same airfoil, had different chord lengths, horizontal positions, and sweeping angles. Among
the wing and canard configurations, there was no dihedral or twisting angles. A view of the
geometry is represented in figure 3.1.

Figure 3.1

Geometry with Wing C’s leading edge 30in after nose’s leading edge

Wing A, Wing B, Wing C, Wing D, and Wing E represent five different root chord lengths with
respect to the NACA 0024 airfoil. Wings A and B are the regular wing sized platforms. Whereas
Wings C, D, and E are the canard sized platforms. Each of these platforms were tested
separately.
Each of the 5 wing platforms were tested in three different cases: 0⁰ sweep with no taper,
15⁰ sweep with taper, and 30⁰ sweep with taper. The wings were placed on the side of the aircraft
10

and were symmetric in vertical distance between the top and bottom of the aircraft. To model the
aircraft, Dassault Systemes’ Catia v5 Student Edition computer aided design (CAD) modeling
program was used. Once the models were made in Catia, the software ANSYS Fluent was used
as the CFD program to simulate airflow around the aircraft. To simulate airflow, an enclosure
was made to designate an inlet and outlet flow regimes. The general inlet flow velocity was 164
ft/s or 50 m/s. The enclosure’s dimensions were 57.5in x 150in x 70in (height x length x width).
The enclosure’s size did not change throughout all aircraft models tested. As said before, the
aircraft’s fuselage and nose were consistent as well. The length of the nose was 6in with a
maximum diameter of 7.5in to connect to its fuselage, which has a diameter of 7.5in as well. The
complete length of the fuselage, including the nose, is 105in. However, the fuselage length was
designated to be “infinitely long” to focus on the drag effects of a wing or a canard without
considering the vertical and horizontal tails. Therefore, the back of the fuselage is flat and
connected to the outlet of the domain as shown in figures 3.2 and 3.3.

Figure 3.2

Wing C aircraft inside domain isometric view
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Figure 3.3

Wing C aircraft inside domain top view

To reduce the computational cost of the numerical simulations, the geometry was cut in half due
to the symmetry condition. By the aircraft being symmetric, one can focus on only one half of
the aircraft to simplify the experiment and analysis. Involving the mesh and grid spacing for
Wings A, B, C, D and E, the y+ was 146, 147, 149, 150, and 153, respectively (typical y+ for
RANS simulations should be in the range of 30 to 300).
To understand wing sizing with respect to the fuselage, an article shows a relationship
between the root chord and the fuselage diameter [13]. After observing the results and
recommendations from this article, Wing A resultingly became a wing with a 12in root chord. To
determine the other size variations, an aircraft design book was referenced. In general, it suggests
that the reference area ratio of the canard to wing (SC /SW) is roughly 0.2-0.6 (20%-60%) [14].
Therefore, the canards (Wing C, Wing D, and Wing E) were made to be 20%-60% smaller than
Wing A. Since Wings C, D, and E were 20%-60% smaller, Wing B was made to be 80% smaller
than Wing A. To observe a full list of wing dimensions, consider table 3.1. The wing length is
measured from the center of the fuselage to the tip of the wing. This remains true for 0⁰ sweep
12

with no taper, 15⁰ sweep with taper, and 30⁰ sweep with taper. The wing length stays the same
while the wingspan changes with respect to the sweeping angle.
Table 3.1

Wing dimensions

Wing

Wing Length

Root Chord Length

A
B
C
D
E

35in
32in
28in
22.4in
14in

12in
10.5in
9in
7.5in
6in

Tip Chord Length
(Tapered Cases)
2.4in
2.1in
1.8in
1.5in
1.2in

Across all wing or canard configurations, the horizontal positioning was adjusted along
the fuselage to observe drag effects. The leading edge of the wings were tested beyond the
leading edge of the nose, at the nose, and after the leading edge of the nose. Different points
were tested across all wings or canards. All the points tested were not tested on each wing. Some
of the points listed below were tested across other platforms with respect to the size:
•

Wing Positionings of 0⁰ Sweep with No Taper:
o Wing A: (See Figure 3.6)
▪

Distance of Wing’s Leading Edge Ahead of the Nose’s Leading
Edge:
•

1in, 2in, 3in, 4in, 5in, 6in, 7in, 8in

▪

Wing’s Leading Edge at the Nose

▪

Distance of Wing’s Leading Edge Behind the Nose’s Leading
Edge:
•

1in, 2in, 3in, 4in, 5in, 6in, 7in, 8in, 9in, 10in, 20in, 30in,
40in, 50in, 60in, 70in, 80in, 90in

o Wing B: (See Figure 3.7)
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▪

Distance of Wing’s Leading Edge Ahead of the Nose’s Leading
Edge:
•

1in, 2in, 3in, 4in, 5in, 6in, 7in

▪

Wing’s Leading Edge at the Nose

▪

Distance of Wing’s Leading Edge Behind the Nose’s Leading
Edge:
•

1in, 2in, 3in, 4in, 5in, 6in, 7in, 8in, 9in, 10in, 20in, 30in,
40in, 50in, 60in, 70in, 80in, 90in

o Wing C (Canard): (See Figure 3.8)
▪

Distance of Wing’s Leading Edge Ahead of the Nose’s Leading
Edge:
•

1in, 2in, 3in, 4in, 5in, 6in

▪

Wing’s Leading Edge at the Nose

▪

Distance of Wing’s Leading Edge Behind the Nose’s Leading
Edge:
•

1in, 2in, 3in, 4in, 5in, 6in, 7in, 8in, 9in, 10in, 20in, 30in,
40in, 50in, 60in, 70in, 80in, 90in

o Wing D (Canard): (See Figure 3.9)
▪

Distance of Wing’s Leading Edge Ahead of the Nose’s Leading
Edge:
•

1in, 2in, 3in, 4in, 5in

▪

Wing’s Leading Edge at the Nose

▪

Distance of Wing’s Leading Edge Behind the Nose’s Leading
Edge:
•

1in, 2in, 3in, 4in, 5in, 6in, 7in, 8in, 9in, 10in, 20in, 30in,
40in, 50in, 60in

o Wing E (Canard): (See Figure 3.10)
▪

Distance of Wing’s Leading Edge Ahead of the Nose’s Leading
Edge:
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•
▪

Wing’s Leading Edge at the Nose

▪

Distance of Wing’s Leading Edge Behind the Nose’s Leading
Edge:
•

•

1in, 2in, 3in, 4in

1in, 2in, 3in, 4in, 5in, 6in, 7in, 8in, 9in, 10in, 20in, 30in,
40in, 50in, 60in

Wing Positionings of 15⁰ Sweep with Taper and 30⁰ Sweep with Taper:
o Wing A: (See Figures 3.11 and 3.16)
▪

Distance of Wing’s Leading Edge Ahead of the Nose’s Leading
Edge:
•

3in, 6in, 9in (25%, 50%, and 75% of Chord Length
Respectively)

▪

Wing’s Leading Edge at the Nose

▪

Distance of Wing’s Leading Edge Behind the Nose’s Leading
Edge:
•

3in, 6in, 10in, 20in, 30in, 40in, 50in, 60in

o Wing B: (See Figures 3.12 and 3.17)
▪

Distance of Wing’s Leading Edge Ahead of the Nose’s Leading
Edge:
•

2.625in, 5.25in, 7.875in (25%, 50%, and 75% of Chord
Length Respectively)

▪

Wing’s Leading Edge at the Nose

▪

Distance of Wing’s Leading Edge Behind the Nose’s Leading
Edge:
•

3in, 6in, 10in, 20in, 30in, 40in, 50in, 60in

o Wing C (Canard): (See Figures 3.13 and 3.18)
▪

Distance of Wing’s Leading Edge Ahead of the Nose’s Leading
Edge:
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•

2.25in, 4.5in, 6.75in (25%, 50%, and 75% of Chord Length
Respectively)

▪

Wing’s Leading Edge at the Nose

▪

Distance of Wing’s Leading Edge Behind the Nose’s Leading
Edge:
•

3in, 6in, 10in, 20in, 30in, 40in, 50in, 60in

o Wing D (Canard): (See Figures 3.14 and 3.19)
▪

Distance of Wing’s Leading Edge Ahead of the Nose’s Leading
Edge:
•

1.875in, 3.75in, 5.625in (25%, 50%, and 75% of Chord
Length Respectively)

▪

Wing’s Leading Edge at the Nose

▪

Distance of Wing’s Leading Edge Behind the Nose’s Leading
Edge:
•

3in, 6in, 10in, 20in, 30in, 40in, 50in, 60in

o Wing E (Canard): (See Figures 3.15 and 3.20)
▪

Distance of Wing’s Leading Edge Ahead of the Nose’s Leading
Edge:
•

1.5in, 3in, 4.5in (25%, 50%, and 75% of Chord Length
Respectively)

▪

Wing’s Leading Edge at the Nose

▪

Distance of Wing’s Leading Edge Behind the Nose’s Leading
Edge:
•

3in, 6in, 10in, 20in, 30in, 40in, 50in, 60in

Below are three-view representations and dimensions of the models that were tested.
These pictures show all wing platforms and their shapes, but they do not show every wing
placement along the fuselage. Therefore, not all the configurations are displayed. Each wing has
three different shapes displayed and three different locations of the wing displayed. These
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pictures are meant as examples to give the viewer enough of a viewpoint to understand how the
models were designed.

Figure 3.4

Aircraft’s nose

Figure 3.5

Aircraft’s nose and fuselage
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Figure 3.6

Aircraft with Wing A (0⁰ sweep with no taper)

Figure 3.7

Aircraft with Wing B (0⁰ sweep with no taper)
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Figure 3.8

Aircraft with Wing C (0⁰ sweep with no taper)

Figure 3.9

Aircraft with Wing D (0⁰ sweep with no taper)
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Figure 3.10

Aircraft with Wing E (0⁰ sweep with no taper)

Figure 3.11

Aircraft with Wing A (15⁰ sweep with taper)
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Figure 3.12

Aircraft with Wing B (15⁰ sweep with taper)

Figure 3.13

Aircraft with Wing C (15⁰ sweep with taper)
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Figure 3.14

Aircraft with Wing D (15⁰ sweep with taper)

Figure 3.15

Aircraft with Wing E (15⁰ sweep with taper)
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Figure 3.16

Aircraft with Wing A (30⁰ sweep with taper)

Figure 3.17

Aircraft with Wing B (30⁰ sweep with taper)
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Figure 3.18

Aircraft with Wing C (30⁰ sweep with taper)

Figure 3.19

Aircraft with Wing D (30⁰ sweep with taper)
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Figure 3.20

Aircraft with Wing E (30⁰ sweep with taper)
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CHAPTER IV
RESULTS AND DISCUSSION
There are five different wing sizes and three different sweeping angles that are being
analyzed. Of the three different wings with sweeping angles, two of them consist of taper. This
totals to 15 different wings being analyzed: Wings A, B, C, D, and E (0⁰ sweep with no taper),
Wings A, B, C, D, and E (15⁰ sweep with taper), and Wings A, B, C, D, and E (30⁰ sweep with
taper).
Wings A, B, C, D, and E have a 12in, 10.5in, 9in, 7.5in, and 6in root chord, respectively.
With the different wings consisting of different chord lengths, some wings do not have as many
data points as others. For example, some wings have a leading edge that is positioned 6 inches
ahead of the nose of the fuselage. While other wings’ chord are barely 6 inches long in length.
Therefore, some wings were not tested at that position because the wings would not be properly
attached to the fuselage.
Even though there were several points tested, as displayed in the methodology section of
this report, not all these points are listed in the results. When considering the wings’ leading edge
extended beyond the nose of the fuselage, the cutoff point of results displayed does not exceed
35% of the wing’s chord length. For example, Wing A has a chord length of 12in. Therefore, the
maximum the wing will be extended beyond the nose is by 4in. Anything beyond 35% of the
wing’s chord length drastically increased drag and decreases the quality of results. Therefore,
this limitation was made. Also, when considering the back of the fuselage, the cutoff point for
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the wings’ leading edge behind the nose of the fuselage is 60in. Anything behind 60in, such as
70in, 80in, and 90in, drastically increased drag because the wing would be too close to the
outflow boundary of the domain.
The negative point values along the x-axis describe the distance of the leading edge of the
wing beyond the nose of the fuselage. The positive point values along the x-axis describe the
distance of leading edge of the wing behind or after the nose of the fuselage. The point value
zero on the x-axis is the point where the leading edge of the wing is at the nose of the fuselage.
The fuselage by itself, with no wing or canard attached, creates 1.246 lbf of drag. For the 0⁰
sweep with no taper wing configurations, the points 40in, 50in, and 60in were not displayed
because once the wing gets to about 20in and 30in, the drag results are nearly constant. Figures
4.1 through 4.21 display the results.

Figure 4.1

Results for aircraft with Wing A (0⁰ sweep with no taper)
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Figures 4.2 and 4.3 are displayed to show consistency of data between the original conditions,
being specified shear stress condition of zero, and no slip condition, respectively.

Figure 4.2

Results for aircraft with Wing B (0⁰ sweep with no taper)

Figure 4.3

Results for aircraft with Wing B (0⁰ sweep with no taper) – no slip
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Figure 4.4

Results for aircraft with Wing C (0⁰ sweep with no taper)

Figure 4.5

Results for aircraft with Wing D (0⁰ sweep with no taper)
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Figure 4.6

Results for aircraft with Wing E (0⁰ sweep with no taper)

To test the consistency of the data, four special cases for Wing C - Canard (0⁰ sweep with
no taper) were tested. The general viscous model that was used throughout all simulations was
the k-ω standard viscous model. To consider two special cases, an angle of attack (AoA) of 5⁰
was tested, and a different velocity of 750 ft/s was tested with the k-ω standard viscous model.
To consider two more special cases, k-ω SST and k-ε standard viscous models were tested. One
will find that in comparison to the original conditions, little change was made varying from one
point to another. The magnitudes of the drag values mostly changed. Only a small sample size
was used to display results and show the pattern of consistency. Please find these results below
in figures 4.7-4.11.
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Figure 4.7

Results for aircraft with Wing C (0⁰ sweep with no taper) – original conditions

Figure 4.8

Results for aircraft with Wing C (0⁰ sweep with no taper) – 5⁰ AoA
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Figure 4.9

Results for aircraft with Wing C (0⁰ sweep with no taper) – 750 ft/s

Figure 4.10

Results for aircraft with Wing C (0⁰ sweep with no taper) – k-ω SST
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Figure 4.11

Results for aircraft with Wing C (0⁰ sweep with no taper) – k-ε standard

Figure 4.12

Results for aircraft with Wing A (15⁰ sweep with taper)
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Figure 4.13

Results for aircraft with Wing B (15⁰ sweep with taper)

Figure 4.14

Results for aircraft with Wing C (15⁰ sweep with taper)
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Figure 4.15

Results for aircraft with Wing D (15⁰ sweep with taper)

Figure 4.16

Results for aircraft with Wing E (15⁰ sweep with taper)
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Figure 4.17

Results for aircraft with Wing A (30⁰ sweep with taper)

Figure 4.18

Results for aircraft with Wing B (30⁰ sweep with taper)

36

Figure 4.19

Results for aircraft with Wing C (30⁰ sweep with taper)

Figure 4.20

Results for aircraft with Wing D (30⁰ sweep with taper)
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Figure 4.21

Results for aircraft with Wing E (30⁰ sweep with taper)
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CHAPTER V
CONCLUSIONS
5.1

Discussion and Conclusions
The first and primary set of conclusions were drawn from the results of Wing A’s, B’s,

C’s, D’s, and E’s 0⁰ sweep with no taper case. The nose region correlates to the wing or canard
being connected to the nose. This region corresponds to the wing’s or canard’s leading edge
being place beyond the nose’s leading edge and where the leading edge of the wing or canard is
connected to the nose. According to the graphs, this region ranges from -4in to 5in. When
comparing the wing and canard placement along the nose region of the aircraft, on average, the
wing’s or canard’s leading edge being beyond the nose produces less drag than the leading edge
being connected to the nose. After 6in, the point where the fuselage’s nose change in geometry
stops, the drag continuously drops. This suggests that the wing or canard placement with respect
to nose can increase or decrease drag because the nose region is the region where the fuselage
has a change of geometry. By which, this can alter the flow direction of fluid.
The normal size wing platforms, like Wings A and B, are traditionally located further
away from the nose and towards the center of an aircraft. Wings A and B produced the least
amount of drag with the leading edge being after the 20in mark, being 6.006 lbf and 5.242 lbf,
respectively (see figures 4.1 and 4.2). This suggests that aircraft with longer fuselages can
benefit in drag reduction if the leading edge of the wing is further away from the nose. When
considering the nose region, being from -4in to 5in for Wing A, the points where minimum drag
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was recorded were at 5in, 4in, and -1in producing 6.063 lbf, 6.071 lbf, and 6.077 lbf amount of
drag, respectively (see figure 4.1). When considering the nose region, being from -3in to 5in for
Wing B, the points where minimum drag was recorded were at -2in, 5in, and -1in producing
5.336 lbf, 5.339 lbf, and 5.343 lbf amount of drag, respectively (see figure 4.2). Depending on
the shortness and configuration of the aircraft, the aircraft could take advantage of drag reduction
benefits by having the wing’s leading edge ahead of the nose of the fuselage. One may consider a
wing being towards the front of an aircraft because it is similar to a flying wing aircraft, and it
can be considered a flying wing hybrid consisting of a traditional fuselage.
The normal size canard platforms, like Wings C, D, and E, are traditionally located on the
nose or near the nose of an aircraft. When considering the nose region, ranging from -3in to 5in,
Wings C, D, and E produced the least amount of drag with the leading edge being ahead of the
nose. The top three positions of minimum drag for Wing C was -2in, -1in, and 4in, producing
4.491 lbf, 4.501 lbf, and 4.539 lbf amount of drag, respectively (see figure 4.3). Similarly for
Wing D, positions -1in, -2in, and 0in produced 3.599 lbf, 3.608 lbf, and 3.617 lbf amount of
drag, respectively (see figure 4.4). Lastly, Wing E’s optimum positions for drag reduction were 1in, -2in, and 3in while producing 2.479 lbf, 2.481 lbf, and 2.489 lbf amount of drag,
respectively (see figure 4.5). When comparing all the points, similarly to Wing A’s and B’s,
Wings C, D, and E produced the least amount of drag with the leading edge being after the 20in
mark, being 4.442 lbf, 3.489 lbf, and 2.409 lbf, respectively (see figures 4.3, 4.4 and 4.5).
However, this region of consideration for the placement of the canard may categorize the
platform as a wing instead because of the location with respect to the nose of the aircraft.
When observing Wing A’s, B’s, C’s, D’s, and E’s interaction with the nose of the
aircraft, there were points where drag decreased when the leading edge of the wing or canard
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was ahead of the nose. This drag decrease was most notable in the canard sized platforms, Wings
C, D, and E. The reason why can be explained through observing pressure contours. One picture
displays a contour plot of two front view, half section aircraft with Wing C attached, and a static
pressure scale ranging from -1.45 x 103 to 1.65 x 103 pascals or -2.10 x 10-1 to 2.39 x 10-1 lbf/in2.

Figure 5.1

Left- front view of Wing C’s leading edge being 2in ahead of the nose of the
aircraft. Right- front view of Wing C’s leading edge being 10in behind the nose of
the aircraft.

The legend ranges from -1.45 x 103 to 1.65 x 103 pascals or -2.10 x 10-1 to 2.39 x 10-1 lbf/in2,
with colors blue and red signifying lowest and highest pressure, respectively.
Figure 5.1 displays a front view of Wing C’s leading edge being 2in ahead of the nose of the
aircraft and a front view of Wing C’s leading edge being 10in behind the nose of the aircraft,
respectively. Figures 5.2 and 5.3 display a side view and top view of the aircraft in figure 5.1,
respectively. The static pressure scale that is used in figure 5.1 is applicable to figures 5.2 and
5.3. Through observing the aircraft with its wing 10in behind the nose, one can tell that most of
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Figure 5.2

The side view of the aircraft displayed in figure 5.1. Left- side view of Wing C’s
leading edge being 2in ahead of the nose of the aircraft. Right- side view of Wing
C’s leading edge being 10in behind the nose of the aircraft.

The legend from figure 5.1 is applicable to figure 5.2.

Figure 5.3

The top view of the aircraft displayed in figure 5.1. Left- top view of Wing C’s
leading edge being 2in ahead of the nose of the aircraft. Right- top view of Wing
C’s leading edge being 10in behind the nose of the aircraft.

The legend from figure 5.1 is applicable to figure 5.3.
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the pressure distribution is occurring in the middle of the nose and along the leading edge of the
wing. However, when the wing is 2in ahead of the nose, the wing partially covers the nose of the
aircraft. This shows the wing acting as an extension of the nose and shows both sharing the
pressure distribution at the front of the aircraft. With respect to the drag results, this suggests that
this configuration of the wing being ahead of the nose provides a more aerodynamic shape.
When considering the placement of the wings along the nose region, Wings A and B
benefitted in drag reduction when they were placed in front of the nose. For Wing A, the third
lowest drag recording was 1in beyond the nose (see figure 4.1). Wing B’s lowest drag recording
was 2in beyond the nose and third lowest 1in beyond the nose (see figure 4.2). However, normal
wing sized platforms may not easily benefit from the wing being positioned beyond the nose
because of stability reasons. Also, it may be more encouraging to keep wing sized platforms
further away from the nose since that is where the least amount of drag was recorded over all
platforms. On the other hand, canard platforms can benefit easier since they are traditional placed
at the front of an aircraft. The canard sized platforms, Wings C, D, and E, all had their top two
lowest drag recordings when the wing was positioned ahead of the nose (see figures 4.3, 4.4, and
4.5).
The second set of conclusions were drawn from the results of Wing A’s, B’s, C’s, D’s,
and E’s 15⁰ sweep with taper and 30⁰ sweep with taper case. The unswept wing configurations’
drag results after 30in were consistent and showed little change. Therefore, the results for the
unswept wings after 30in were not displayed. Unlike the unswept wing configurations, the drag
behavior for some of the swept wings demonstrated an increase after 30in (see figures 4.124.21).
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5.2

Future Work
Proceeding research entails a few things: different airfoils, different angles of attack,

different nose shapes, and forward swept wings/canards. This also includes designing the back of
an aircraft to consider pressure drag effects at the back of the fuselage. By doing this type of
research, it would provide more data to further solidify conclusions or add more perspective to
provide a more wholistic viewpoint.
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